We have developed a sensitiveprocedurefor determination of serum copper by use of the color reagent 4-(3,5-dibromo-2-pyndylazo)-N-ethyl-N-sulfopropylanhline. After mixing serum sample and reagent, and incubatingat 37#{176}C for 5 mm, we measurethe absorbanceof the resultingchelatecomplex at 580 nm (molar absorptivity, 80 000 L#{149} mor1 cm-1). Resultsof the methodvaried linearlywith copper concentrationto at least5 mg/L;the lowerlimitof detectionwas 0.1 mg/ L. Within-runCVs were 1.6% and 3.3% for copper concentrations of 1.03 and 0.72 mg/L, respectively(n = 10 each). Between-runCV was 2.8% at 1.22 mg/L (n = 14). Resultsof the proposed method (y) correlated well with those determined by standard atomic absorption spectrophotometnc techniques(x):y = 0.99x -0.02 mg/L;S = 0.08; r = 0.977; n = 56. Iron,zinc,cadmium,cobalt,and lead do notinterfere. reaction of a protein-free filtrate with organic solvents or reagents for deproteinizing, and none is satisfactory in terms of sensitivity, rapidity, and ease of measurement. Nakagawa and coworkers (4,5) synthesized some pyridylazo and thiazolylazo compounds as color reagents for heavy metals such as copper, iron, and nickel. These compounds are water-soluble, and react easily and quickly with the metals, forming intensely colored complexes. In a previous paper, we utilized 2-(2-thiazolylazo)benzoic acid derivatives in assay of serum copper in an automated analyzer (6).
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Here we demonstrate an original, sensitive, and practicable colorimetric method for determination of copper in serum, based on the use of a water-soluble chromogenic color reagent, 4-(3,5-dibromo-2-pyridylazo)-N-ethyl-N.sulfopropylaniline (DiBr-PAESA). This compound forms a chelate with copper(H) in SDS solution (Figure 1) . Copper(I) also reacts with DiBr-PAESA to produce a chelate compound; however, this compound generally is unstable in solution, being readily converted into the corresponding stable complex formed with copper(ll) (7) . 
Materials and Methods
Reagents. DiBr-PAESA was obtained from Dojindo Lab., Kumamoto, Japan. To prepare the DiBr-PAESA stock solution, 0.02 mmoIJL, dissolve 1 mg of DiBr-PAESA in 100 mL of acetate buffer (0.2 molJL, pH 5.0) containing 15 g of SDS per liter. This solution is stable for at least a month at room temperature.
Prepare a blank solution without DiBr-PAESA for determination of highly hemolytic or lipemic samples, if necessary.
The working copper color reagent is prepared by adding 1 mL of 0.35 mol/L ascorbic acid solution to 14 mL of DiBr-PAESA stock solution.
Standard copper solution (5 mg/b) was obtained from Nacalai Tesque Co., Kyoto, Japan.
Procedure. To 0.1 mL of serum, standard, or distilled water for reagent blank, add 1.5 mL of the working copper color reagent, mix, and incubate at 37 #{176}C for 5 mm. Measure the absorbance of serum and standard at 580 nm against the reagent blank. Calculate copper concentrations from the calibration curve.
Results and Discussion
Optimization of assay conditions. DiBr-PAESA is watersoluble, chelates quickly with serum copper in SDS solution, and the complex is stable for at least 5 h.
Effects of various concentrations of DiBr-PAESA, SDS, and ascorbic acid on the formation of the chelate complex were examined in batch analyses and the results are presented in 
Waveiength nm
Abs. The absorbances were constant over the pH range 4.8-5.2 at 37 #{176}C (Figure 3) . The absorbance spectra of the chelate complexes of copper and DiBr-PAESA are shown in Figure  4 . Because the maximal difference of absorbance between samples and reagent blank occurred at 580 nm, subsequent measurements were carried out at this wavelength. The addition of SDS markedly enhanced the molar absorptivity of the copper(U) chelate (6) and denatured proteins homogeneously. Furthermore, addition of the reducing agent, ascorbic acid, promoted the dissociation of ceruloplasmin-bound copper, as has also been observed in the dissociation of irontransferrin (8). The molar absorptivity of copper chelate complex was 80000 L . mol' 'cm' at 580 rim, approximately five times that of bathocuproine (9), which is used routinely in the We conclude that the present colorimetric method is precise, rapid, and easily performed, and will be suitable as a routine procedure for sensitive assay of copper.
